Mizuno M, Iwamoto GA, Vongpatanasin W, Mitchell JH, Smith SA. Dynamic exercise training prevents exercise pressor reflex overactivity in spontaneously hypertensive rats. Am J Physiol Heart Circ Physiol 309: H762-H770, 2015. First published July 10, 2015; doi:10.1152/ajpheart.00358.2015.-Cardiovascular responses to exercise are exaggerated in hypertension. We previously demonstrated that this heightened cardiovascular response to exercise is mediated by an abnormal skeletal muscle exercise pressor reflex (EPR) with important contributions from its mechanically and chemically sensitive components. Exercise training attenuates exercise pressor reflex function in healthy subjects as well as in heart failure rats. However, whether exercise training has similar physiological benefits in hypertension remains to be elucidated. Thus we tested the hypothesis that the EPR overactivity manifest in hypertension is mitigated by exercise training. Changes in mean arterial pressure (MAP) and renal sympathetic nerve activity (RSNA) in response to muscle contraction, passive muscle stretch, and hindlimb intra-arterial capsaicin administration were examined in untrained normotensive Wistar-Kyoto rats (WKY UT; n ϭ 6), exercise-trained WKY (WKYET; n ϭ 7), untrained spontaneously hypertensive rats (SHR UT; n ϭ 8), and exercise-trained SHR (SHRET; n ϭ 7). Baseline MAP after decerebration was significantly decreased by 3 mo of wheel running in SHR ET (104 Ϯ 9 mmHg) compared with SHR UT (125 Ϯ 10 mmHg). As previously reported, the pressor and renal sympathetic responses to muscle contraction, stretch, and capsaicin administration were significantly higher in SHR UT than WKYUT. Exercise training significantly attenuated the enhanced contraction-induced elevations in MAP (SHR UT: 53 Ϯ 11 mmHg; SHR ET: 19 Ϯ 3 mmHg) and RSNA (SHRUT: 145 Ϯ 32%; SHRET: 57 Ϯ 11%). Training produced similar attenuating effects in SHR during passive stretch and capsaicin administration. These data demonstrate that the abnormally exaggerated EPR function that develops in hypertensive rats is significantly diminished by exercise training. exercise pressor reflex; blood pressure; sympathetic nerve activity; hypertension; exercise training
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NEW & NOTEWORTHY

The study demonstrates that the exercise pressor reflex overactivity manifest in hypertension is attenuated by dynamic exercise training. Moreover, training normalizes the dysfunction of the mechanically and chemically sensitive components of the reflex. These findings identify a novel mechanism by which exercise training is beneficial in the treatment of hypertension.
THE SYMPATHETICALLY MEDIATED blood pressure response to exercise is abnormally accentuated in patients with hypertension compared with normal healthy subjects (7, 8, 30, 66) . The exercise pressor reflex (EPR), whose sensory arm transmits afferent signals from working skeletal muscle that serve as an important source of neural input to the brain stem during physical activity, contributes significantly to the regulation of the cardiovascular system during exercise (1, 6, 32, 36, 38) . Our previous studies suggested that the exaggerated pressor response to exercise in hypertension is mediated, at least in part, by an abnormal EPR (26, 41-44, 47, 60) .
An increasing body of evidence suggests that exercise training is beneficial for the treatment of hypertension (51) . However, the mechanisms underlying the benefits of training are largely undetermined. For example, the effects of exercise training on EPR overactivity in this disease are unknown. It has been reported that exercise training attenuates EPR-mediated cardiovascular responsiveness to physical activity in healthy humans (13, 46, 54) . In healthy individuals, forearm training has been demonstrated to decrease sympathetic responses during nonfatiguing rhythmic handgrip, suggesting reductions in mechanically sensitive muscle afferent discharge (54) . Furthermore, handgrip exercise training has been shown to reduce metabolite production during ischemic exercise resulting in an attenuated skeletal muscle metaboreceptor-mediated increase in blood pressure (46) . More specific to cardiovascular disease, exercise training has been shown to ameliorate exaggerations in EPR activity in rats with chronic heart failure (CHF) (70) . Companion studies demonstrated that exercise training prevents the abnormal sensitization of muscle afferents in CHF rats (69) . Taken together, it is logical to suggest that exercise training may attenuate the heightened EPR-mediated sympathetic and cardiovascular responses to physical activity in hypertension.
Based on these previous reports, it was hypothesized that the EPR overactivity manifest in hypertension is mitigated by exercise training. To test this hypothesis, we examined the cardiovascular and sympathetic responses to stimulation of the EPR (via electrically induced static muscle contraction) as well as the mechanically (via passive muscle stretch), and chemically (via intra-arterial capsaicin administration in the hindlimb) sensitive afferent fibers associated with the reflex in untrained normotensive Wistar-Kyoto (WKY UT ), exercisetrained Wistar-Kyoto (WKY ET ), untrained spontaneously hypertensive (SHR UT ), and exercise-trained spontaneously hypertensive (SHR ET ) rats.
METHODS
Ethical Approval
The procedures outlined were approved by the Institutional Animal Care and Use Committee of the University of Texas Southwestern Medical Center at Dallas. All studies were conducted in accordance with the US Department of Health and Human Services NIH Guide for the Care and Use of Laboratory Animals.
Exercise Training
Age-matched male WKY (n ϭ 13) and SHR (n ϭ 15) rats were kept in individual cages and randomly divided into untrained (WKY UT, n ϭ 6; SHRUT, n ϭ 8) and exercise-trained (WKYET, n ϭ 7; SHRUT, n ϭ 7) groups at 21 days of age. The exercise-trained group was provided with a running wheel of 106 cm in circumference (Tecniplast) in their cage. These animals were allowed to exercise spontaneously. The total number of wheel rotations was recorded daily for the duration of the training period. The total distance run by each animal was then calculated from the total number of wheel rotations. The training period was 85-95 days in total duration. Animals were maintained in a temperature-controlled environment, fed ad libitum, and kept on a 12:12-h light-dark cycle.
Measurement of Peak Oxygen Uptake
Peak oxygen uptake was assessed in both the untrained groups (WKY UT, SHRUT) and the exercise-trained groups (WKYET, SHRET after 68 -70 days of the 85-to 95-day training period). Four to 6 days before beginning oxygen uptake testing, animals were given two familiarization trials on the treadmill apparatus to allow adaptation to the testing environment (4) . Each familiarization trial lasted 7 min and the trials were conducted on nonconsecutive days. The speed during the first familiarization trial increased progressively from 10 to 15 m/min throughout the 7-min duration. The speed during the second familiarization trial increased progressively from 10 to 20 m/min. Peak oxygen uptake (V O2) was determined for WKYUT, WKYET, SHRUT, and SHRET according to previously established methods (18) . Briefly, the test began with a 3-min warm-up at a treadmill grade and speed of 0% and 15 m/min, respectively. The treadmill speed and/or grade was increased every 3 min. Peak V O2 was defined as the point at which the V O2 did not increase with further increases in workload or when the rat was unable or unwilling to continue running. Confirmation that peak V O2 was truly attained in each animal was demonstrated by having each rat perform a subsequent maximal exercise test after 48 h of recovery from the initial test.
General Acute Surgical Procedures
Rats were initially anesthetized with isoflurane gas (2-4% in 100% oxygen) and intubated for mechanical ventilation (model 683, Harvard). A pressure transducer (MLT0380/D, ADInstruments) connected to a left carotid arterial catheter was used to measure arterial blood pressure (ABP) continuously. Fluid-filled catheters were placed within the right jugular vein for the administration of solutions. Needle electrodes were placed on the back of the animal to obtain electrocardiograph (ECG) recordings. Heart rate (HR) was calculated from the time between successive R waves in the ECG recording. The renal nerve was exposed and attached to a pair of stainless steel wire electrodes. The nerve and electrodes were covered with silicone glue for insulation and fixation. To quantify renal sympathetic nerve activity (RSNA), the preamplified nerve signal was band-pass filtered at 150-1,000 Hz then full-wave rectified and low-pass filtered with a cutoff frequency of 30 Hz. A laminectomy exposing the lower lumber portions of the spinal cord (L2-L6) was performed as described previously (58) . The L4 and L5 ventral roots were carefully isolated and sectioned. The cut peripheral ends of the roots were placed on bipolar electrodes. The gastrocnemius and soleus muscle of the right hindlimb were isolated. The calcaneal bone of the right hindlimb was cut and the Achilles tendon connected to a force transducer (FT-10, Grass Instruments) for the measurement of muscle tension. To allow the injection of chemicals into the arterial supply of the right leg, the circulation of the hindlimb was surgically isolated as described previously. Briefly, a catheter was placed in the left common iliac artery with the catheter tip advanced to the bifurcation of the abdominal aorta. In addition, a reversible ligature was placed around the common iliac vein emptying the right hindlimb. Animals were held in a stereotaxic head unit, and a precollicular decerebration was performed rendering the animals insentient. Immediately following the decerebrate procedure, gas anesthesia was discontinued. To stabilize fluid balance and maintain baseline arterial blood pressure, a continuous infusion (2 ml 1 M NaHCO 3 and 10 ml 5% dextrose in 38 ml Ringer solution) was established via the jugular vein (3-5 ml·h Ϫ1 ·kg Ϫ1 ). A minimum recovery period of 1.25 h was employed after all surgeries before beginning any experimental protocol.
Experimental Protocols
Stimulation of the EPR. The EPR was stimulated in trained and untrained animals by contracting the gastrocnemius and soleus muscles of the right hindlimb for 30 s via electrical stimulation of the isolated L4 and L5 ventral roots (58) . Constant current stimulation was used at a 3 times motor threshold (i.e., the minimum current required to produce a muscle twitch) with a pulse duration of 0.1 ms at 40 Hz. Muscles were initially stretched to 70 -100 g of tension prior to each perturbation. Both the mechanically and metabolically sensitive components of the EPR are stimulated concomitantly by contracting hindlimb skeletal muscle in this manner.
Stimulation of the mechanically sensitive afferent fibers. To selectively activate the mechanically sensitive component of the EPR, hindlimb muscles were passively stretched in trained and untrained animals using a calibrated 9.5-mm rack and pinion system (Harvard Apparatus). To evoke a mechanical stimulus similar to that elicited during muscle contraction, care was taken to generate the same pattern and magnitude of muscle tension developed during static contractions. Muscles were initially stretched to 70 -100 g of tension prior to each perturbation. Passively stretching hindlimb skeletal muscle does not appreciably increase muscle metabolism and, therefore, is commonly employed to selectively activate the mechanically sensitive component of the EPR (17, 58, 62) .
Stimulation of the chemically sensitive afferent fibers. Selective activation of chemically sensitive afferent fibers innervating skeletal muscle was achieved by administering capsaicin into the arterial supply of the hindlimb (0.1, 0.3, and 1.0 g/100 l). Capsaicin was administered into the right common iliac artery via bolus injection while the reversible ligature placed around the right common iliac vein was occluded for 2 min. Capsaicin has been shown to preferentially stimulate receptors associated with chemically sensitive afferent fibers (20, 61) .
A minimum of ϳ10 min elapsed between trials in all reflex testing. At the conclusion of all experiments, an intravenous infusion of hexamethonium bromide (60 mg/kg) was used to abolish SNA signals confirming they were recorded from postganglionic renal sympathetic fibers. Animals were humanely killed by intravenous injection of saturated potassium chloride (4 M, 2 ml/kg iv). The heart and lungs were excised and weighed. Additionally, the tibia was harvested, weighed, and measured.
Data Acquisition and Statistical Analyses
ABP, HR, RSNA, and muscle tension were recorded with dataacquisition software (LabChart, ADInstruments) and stored in a computer hard drive. Tension-time index (TTI, kg·s) was calculated by integrating the developed tension (integrated total tension minus integrated baseline tension prior to the maneuver) during the muscle contraction period. Baseline values for mean arterial pressure (MAP, mmHg), HR (beats/min), and tension (kg) were determined by evaluating 30 s of recorded data before a muscle contraction, stretch, or capsaicin administration. The peak response of each variable was defined as the greatest change from baseline elicited by muscle contraction, stretch, or capsaicin administration. To quantify RSNA responses, basal measurements were obtained by taking the mean value of 30 s of baseline data immediately prior to the maneuver. This mean was considered 100% of basal RSNA. Subsequently, relative changes in RSNA (%) from this baseline were evaluated.
Data were analyzed using two-way ANOVA (rat group ϫ exercise training). If significant interaction and main effects were observed with ANOVA, a post hoc Fisher's PLSD test was used to identify differences between specific group means. The significance level was set at P Ͻ 0.05. Results are presented as means Ϯ SE.
RESULTS
Morphometric characteristics, peak V O 2 , TTI, and baseline hemodynamics are summarized in Table 1 . Heart weight-tobody weight ratio as well as heart weight-to-tibial length ratio were significantly greater in SHR than WKY as previously reported (42, 43, 47, 60) . Further, exercise training significantly increased these ratios in both WKY and SHR. The lung weight-to-body weight ratio was not different between groups. There was no significant difference in TTI between groups. Three months of voluntary wheel running significantly increased peak V O 2 in both WKY and SHR. Baseline MAP and HR under 1% isoflurane anesthesia were significantly higher in SHR than WKY. No effect of exercise training was observed in baseline hemodynamics as well as RSNA under anesthesia. Although MAP after decerebration in SHR was significantly greater than WKY, exercise training significantly decreased MAP in SHR ET compared with SHR UT . There were no significant differences in HR or RSNA after decerebration between groups. Although daily running distance in SHR ET was significantly greater than WKY ET in the 8th week of training (9,774 Ϯ 373 m vs. 4,271 Ϯ 892 m, respectively), wheel activity at the beginning as well as the end of training was comparable among groups (4th week: 4,651 Ϯ 532 vs. 4,806 Ϯ 677 m; 12th week: 3,769 Ϯ 424 vs. 5,606 Ϯ 861 m, respectively).
Representative tracings of ABP, RSNA, and tension developed during electrically induced static muscle contraction are shown in Fig. 1 . In response to approximately the same amount of tension development, activation of the EPR elicited larger elevations in MAP and RSNA in SHR UT compared with WKY UT (Fig. 2) . Notably, exercise training significantly attenuated changes in pressor and sympathetic response in SHR ET but not in WKY ET .
Consistent with previous reports, the cardiovascular and sympathetic responses to activation of the mechanically sensitive component of the EPR via passive muscle stretch were exaggerated in SHR UT compared with WKY UT (Fig. 3) . More importantly, voluntary wheel running significantly decreased changes in MAP, HR, and RSNA responses to stimulation of muscle mechanoreflex in SHR ET compared with SHR UT . No significant effect of exercise training was observed in any variables in WKY.
The cardiovascular and sympathetic responses to administration of capsaicin were heightened in SHR UT compared with WKY UT (Fig. 4) . Exercise training did not affect MAP, HR, and SNA in WKY. In contrast, MAP, HR, and SNA responses to activation of chemically sensitive afferent fibers were significantly attenuated by voluntary wheel running in SHR.
DISCUSSION
The major findings from this investigation were 1) the cardiovascular and sympathetic responses to EPR stimulation during muscle contraction in SHR ET were significantly lower than SHR UT ; 2) the MAP, HR, and RSNA responses to passive muscle stretch in SHR ET were significantly less than SHR UT ; and 3) exercise training by voluntary wheel running in SHR ET produced significantly diminished pressor, tachycardia, and sympathoactivation responses to intra-arterial capsaicin administration in the hindlimb compared with SHR UT . Collectively, these findings support the hypothesis that the EPR overactivity Values are means Ϯ SE. V O2, oxygen uptake; MAP, mean arterial pressure; HR, heart rate; RSNA, renal sympathetic nerve activity; TTI, tension-time index; WKYET, exercise-trained Wistar-Kyoto rats; WKYUT, untrained WKY; SHRET, exercise-trained spontaneously hypertensive rats; SHRUT, untrained SHR. *P Ͻ 0.05 compared with WKYUT. †P Ͻ 0.05 compared with SHRUT. manifest in hypertension is mitigated by exercise training. Moreover, the investigation suggests that attenuating EPR function is a mechanism by which exercise training is beneficial for the treatment of hypertension.
Exercise Training Attenuates EPR Function in SHR
Consistent with our previous studies, EPR function was abnormally heightened in untrained SHR compared with WKY (26, 42, 43, 47, 60) . This characteristic EPR overactivity has been shown to manifest not only in SHR but also in other models of the disease such as prenatally programmed hypertension (41, 44) and angiotensin II-induced hypertension (24) . In SHR, 3 mo of voluntary wheel running attenuated the cardiovascular and sympathetic responses to EPR activation. To the best our knowledge, this is the first evidence that exercise training improves EPR activity in SHR. Given that EPR overactivity is expressed in multiple forms of the disease, it is probable that exercise training likewise improves muscle reflex function in other forms of hypertension as well.
Unlike hypertensive animals, exercise training did not affect EPR function in WKY in the present investigation. This agrees with previous studies in which 8 -10 wk of exercise training had no significant effect on the activity of the EPR, mechanoreflex, and metaboreflex in normotensive control SpragueDawley rats (69, 70) . In contrast, studies in healthy humans have demonstrated that exercise training reduces the cardiovascular and sympathetic responses to handgrip exercise (46, 54) . However, in those studies, training-induced alterations in other neural mechanisms known to contribute importantly to cardiovascular control during exercise, such as central command and the arterial baroreflex, could not be excluded. That being stated, Fisher and White (13) demonstrated significant alterations in central command's ability to regulate the pressor response to exercise after training with smaller adaptations occurring in peripheral reflex components (i.e., EPR). Thus it appears in healthy humans that exercise training may indeed alter EPR function although the magnitude of the effect may be relatively small. This might explain our, and others, inability to demonstrate an appreciable effect of training on EPR function in normotensive control rats.
It should be noted that exercise training has been shown to have beneficial effects on other mechanisms contributing to blood pressure control during physical activity. For example, functional sympatholysis (the local attenuation of sympathetic vasoconstriction in exercising muscle) optimizes blood flow to active muscle while concomitantly preventing excessive increases in blood pressure during physical exertion (53) . Studies have shown that functional sympatholysis is impaired in hy- pertension (40, 71) . We recently demonstrated in hypertensive rats that these impairments are normalized by chronic exercise training (40) . In relation to the current study, it is probable that training-induced restoration of normal functional sympatholysis contributed to the reduced pressor response to activation of the EPR in trained hypertensive animals.
Exercise Training Attenuates Responses to Activation of Mechanically Sensitive Afferent Fibers in SHR
Similar to reports in normotensive animals (17) , we previously demonstrated that blockade of skeletal muscle mechanoreceptors with gadolinium significantly attenuated the cardiovascular and sympathetic responses to muscle stretch in SHR. This finding suggested that accentuated EPR activity in hypertensive rats is mediated, in part, by stimulation of the muscle mechanoreflex (43) . Similar to hypertension, it has been reported that muscle mechanoreflex activity is exaggerated in CHF (59). Wang et al. (68) demonstrated that the responsiveness of group III mechanically sensitive skeletal muscle afferents (most closely associated with the mechanoreflex) to passive stretch was markedly greater in CHF rats compared with controls. Further, pyridoxal phosphate-6-azophenyl-2,4-disulfonic acid, a purinergic 2X receptor (P2X) antagonist, attenuated the responsiveness of group III afferents to contraction and stretch to a greater extent in CHF animals compared with controls. They also indicated that P2X receptors were significantly upregulated in the dorsal root ganglia (DRG) of CHF rats (68) . Moreover, exercise training prevented the sensitization of group III afferent responsiveness to passive stretch in CHF animals being associated with a downregulation of P2X receptors in the DRG (69) . Speculatively, muscle mechanoreflex overactivity in hypertension may likewise be attenuated by exercise training via similar mechanisms.
Interestingly, a recent study by Stone et al. (64) demonstrated that 87% of group III afferents that respond to stretch likewise respond to muscle contraction in decerebrated rats. Additional analysis of the data obtained in the present study determined that the peak RSNA response appeared within 2 s of muscle contraction in 100% of WKY UT rats (6 of 6 animals), 71% of WKY ET rats (5 of 7 animals), 75% of SHR UT rats (6 of 8 animals), and 71% of SHR ET rats (5 of 7 animals). Based on the rapidity at which peak RSNA was reached, the data agree with the concept that the training-induced attenuation in EPR function in hypertensive animals may be heavily influenced by significant reductions in muscle mechanoreflex activity.
Exercise Training Attenuates Responses to Activation of Chemically Sensitive Afferent Fibers in SHR
In skeletal muscle, the transient receptor potential vanilloid 1 receptor (TRPv1) has been shown to be primarily localized to group IV chemically sensitive afferent fibers (most closely associated with the metaboreflex) (20) . It has been demonstrated that TRPv1 contributes significantly to activation of the EPR in normotensive rats (57) . We previously demonstrated that TRPv1 protein expression within the DRG is significantly greater in SHR than WKY. Importantly, blockade of the TRPv1 receptor partially corrects metaboreflex overactivity in SHR (42) . As such, it is tempting to suggest that improvements in metaboreflex function were induced by exercise training in the current study and may be due, in part, to a downregulation of TRPv1 expression to more normal levels. Alternatively, it has been reported that pyridoxal-5-phosphate, a purinergic P2 receptor (P2) antagonist, partially attenuates muscle SNA during postexercise muscle ischemia in moderately hypertensive adults (16) . This finding suggests a role for P2 receptors in evoking the exaggerated sympathetic response to activation of chemically sensitive afferent fibers in hypertension (16) . Like the possibility suggested for TRPv1, exercise training may normalize P2 expression reducing metaboreflex overactivity in hypertension. Clearly, further research is needed to definitively determine whether exercise training normalizes metaboreflex function in hypertension.
Possible Central Mechanisms Mediating Muscle Reflex Improvements with Training
Changes in centrally located neural control mechanisms could potentially contribute to the training-induced improvements in EPR function in hypertensive animals. For example, neuroplastic changes are known to occur in the neuronal dendritic fields of central sympathoexcitatory sites with exercise training that may reduce sympathetic responsiveness to reflex activation (48) . As another example, sensory information generated by stimulation of the EPR is processed within the medulla oblongata. Within the medulla, the production of nitric oxide (NO) within the nucleus tractus solitarius (NTS), the site most critical for processing EPR sensory signals, buffers reflex-induced increases in SNA (56) . It has been demonstrated that expression of neuronal NO synthase (NOS), necessary for the production of NO, is reduced throughout a large portion of the NTS in hypertensive rats (47) . This could compromise NO production within the NTS of hypertensive animals reducing its sympathetic buffering capacity. Moreover, increased generation of superoxide, an NO scavenger, via an angiotensin-II mechanism may also reduce the NO available for biological activity within the NTS. Collectively, it is plausible that exercise training normalizes EPR function in hypertension by rescuing NO production within the NTS. In support of this contention, it has been shown that exercise training reduces angiotensinogen mRNA expression within NTS of SHR (10) .
In addition to the NTS, the rostral ventrolateral medulla (RVLM) is known to play an important role in the control of the cardiovascular system during exercise (49) . It has been reported that 4 wk of swim training attenuates the pressor response to microinjection of L-glutamate within RVLM in conscious normotensive rats (34) . This finding suggests that RVLM neurons are desensitized after exercise training. Further, it has been demonstrated that exercise training inhibits SNA via reductions in oxidative stress within the RVLM of stroke-prone SHR (22) . Although speculative, it is possible that training-induced improvements in EPR activity are likewise mediated by neural adaptations within the RVLM.
Analytical and Methodological Considerations
It is acknowledged that daily running distance differed between WKY ET and SHR ET in the middle of the training session while being similar at the beginning and end of training. Reports of differences in voluntary running activity between WKY and SHR have been inconsistent with some studies demonstrating no difference between the groups while others showed differences similar to those in this investigation (11, 21, 52) . In addition, although WKY UT exhibited lower peak V O 2 compared with SHR UT , this is consistent with an earlier study (2) . Regardless, in the present study 3 mo of voluntary wheel running significantly increased peak V O 2 in both WKY and SHR ( Table 1 ). As such, it is unlikely that the differences in daily running distance noted impacted the findings and conclusions of the investigation significantly. Other forms of training (e.g., treadmill exercise) in which the dose and intensity of exercise can be more readily controlled may alleviate these concerns in future studies.
It has been demonstrated that the cardiovascular response to stimulation of the EPR is accentuated in barodenervated normotensive animals (67) . This finding suggests that the baroreflex buffers EPR-mediated increases in blood pressure. Baroreflex sensitivity is reduced in hypertension (25, 37, 45) . It has been reported that exercise training improves this impairment in baroreflex function (3, 35, 63) . Therefore, it is possible that the training-induced normalization of EPR activity in SHR is partly due to an increase in the buffering capacity of the baroreflex. That being stated, it has been shown previously that the baroreflex maintains its ability to buffer the EPR in hypertensive rats (60) . As such, the findings reported in this study would likely be affected by training-induced alterations in baroreflex function only minimally.
Baseline MAP under isoflurane anesthesia in SHR ET did not differ from SHR UT (Table 1 ). In contrast, baseline blood pressure after decerebration in trained hypertensive rats was significantly lower than in untrained SHR. These findings agree with a previous report in which training-induced reductions in baseline blood pressure observed in conscious SHR were absent after anesthetization (5) . Further, this suggests that the baseline hypotensive effects of exercise training are mediated, at least in part, within the brain stem since animals were decerebrated at the precollicular level in the present study.
As previously reported (42, 43) , the methods used to evaluate sympathetic activity in the current study did not detect differences in baseline RSNA between normotensive or hypertensive animals under either isoflurane anesthesia or after decerebration (Table 1) . It should be noted, however, that in the conscious state it has been reported that basal levels of RSNA are higher in SHR than WKY (31). Although not detected, if this were the case in the current study, our use of relative changes in RSNA from baseline may have underestimated the true change in RSNA in response to EPR activation in SHR. In future investigations, surrogate measures expressing the sympathetic responses to stimulation of the EPR as a percent of maximum RSNA, as performed in previous studies (70) , could address this limitation. It is likewise acknowledged that there are limitations to using absolute values of RSNA (V) to establish baseline sympathetic activity. For example, the accuracy of such measurements may be affected by various factors such as nerve size, electrical conductance, and amplifier parameters. Each of these limitations should be taken into consideration when interpreting results.
Finally, in addition to activating skeletal muscle afferent neurons, injection of capsaicin into the right common iliac artery has been shown to stimulate thin fiber afferents in the joints and skin (14) . Therefore, use of this technique may not be completely indicative of metaboreflex function. As such, further research is warranted before the impact of exercise training on muscle metaboreflex function in hypertension can be clearly discerned.
Perspectives and Clinical Significance
The blood pressure response to exercise is exaggerated in hypertension (7, 8, 24, 30, 41-44, 60, 66) . This augmented pressor response to physical activity is associated with an increased risk for adverse cardiovascular and/or cerebrovascular events during or immediately following a bout of exercise (19, 39) . Excessive blood pressure elevation during physical exertion has been shown to contribute to impaired exercise tolerance in hypertensive patients even in the absence of coronary artery disease or left ventricular dysfunction (9, 29, 33, 50) . Furthermore, numerous epidemiological studies have demonstrated that exercise blood pressure predicts the pathogenesis of left ventricular hypertrophy, stroke, myocardial infarction, and death (12, 23, 27, 28, 65) independent of resting ABP. Accordingly, current safety guidelines prohibit exercise in hypertensive patients if exertional ABP reaches or exceeds 220/105 (15, 51) . As a result, exercise prescription is often limited in hypertensive patients (55) . This is unfortunate as exercise training has been shown to improve cardiovascular health in these patients on numerous occasions. Understanding not only the mechanisms underlying abnormal cardiovascular control during exercise but also the mechanisms by which circulatory regulation is improved by training may be a key to overcoming these barriers. To this end, the current investigation suggests that an improvement in EPR function is a mechanism by which exercise training is beneficial for the treatment of hypertension. As such, it is tempting to suggest that pretreatment of EPR dysfunction prior to beginning an exercise regimen would allow the prescription of activity at higher intensities for longer durations maximizing the benefits and increasing the safety of training.
